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(57) ABSTRACT 
Disclosed herein is a user-accessible tissue image database 
system. The system is searchable using a query image pro-
vided by a user. The query image is matched with images in 
the database based on common visual features. Specifically 
exemplified is the matching of images based on the presence 
of a target molecule and/or internal anatomical structure. 
120 
18 Claims, 4 Drawing Sheets 
105 
130 
107 
i I INTERNET 
USER! 131 USER2 USER3 
133 
ClJ [OJ 
117 
15 
112 113 116 
114 
121 123 
10
0 
10
1 
U
SE
R
 1
 
I 1
31
 
C
QJ
, I
 
11
2 
I 
11
3 
12
1 
10
2 
D
O
D
D
 
D
O
D
D
 
I I I 
..
 
' 
I 
' 
12
0 
I IN
TE
R
N
ET
 
I 
U
SE
R
2 
I 
-
13
2 
' 
[Q
J, 
I 1
15
 
'
-
12
2 
11
4 
10
5 1
30
 
10
7 
U
SE
R
3 
11
6 
FI
G
. 1
 
13
3 
11
7 
12
3 
~ 00 • ~ ~ ~ ~ =
 
~
 
~ ~ .... ~-....J N 0 .... .... 1J1 =- ('D ('D ...... .... 0 ..... .i;... d rJl
 
-
.
.
.
.
l 
\c
 
~
 
ti
t =
 
-
.
.
.
.
l 
00
 
=
 
N
 
U.S. Patent May 17, 2011 Sheet 2 of 4 US 7,945,078 B2 
200 
Prepare Tissue Samples Indicating 
the Presence of a Target Molecule ~ and/or anatomical structure 205 
Scan Tissue Samples to Produce 
-----------
210 
Images thereof 
Save Images in a User Accessible 
Database Configured such that 
-----
215 
Images can be Identified via 
Comparison to Visual Features of a 
Query Image 
Receive from Remote User a Query 
Image of a Tissue Sample 
-
225 
Compare Query Image with Images 
Saved In Database To Identify 
Database Images Sharing Common 
Visual Features with Query Image -- 230 
According to Predefined Criteria 
Display Identified Images from 235 
Step 230 or a Hyperlink to -
Identified Images 
FIG. 2 
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300 
Prepare Tissue Samples Indicating 
the Presence of a Target Molecule ~ and/or Anatomical structure and 
Tag with Keywords 305 
Scan Tissue Samples to Produce 
--------------
310 
Images thereof 
Save Images in a User Accessible 
Database Configured such that 
Images can be Identified via r---
Comparison to Visual Features of a 315 
Query Image 
Receive from Remote User a Query 32 
,___-
5 
Image of a Tissue Sample 
Compare Query Image with Images 
Saved In Database To Identify 
,_...... 33 0 
Database Images Sharing Common 
Visual Features with Query Image 
According to Predefined Criteria 
Display Identified Images from 33 5 
Step 230 or a Hyperlink to -
Identified Images 
FIG.3 
Display Keywords Tagged to 
Identified Images 
-
340 
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400 
Upload Brain Slice (PGM format) 
query image and Scale (PGM ~ format) 
405 
Remove Background of Query r-------_ 
Image 410 
Rotate and flip Query hnage if 
needed 
-----
415 
Normalize Query Image by using 
42 scale intensity compared to 
,__....... 
5 
database average 
Eliminate lightest 40% of Query 
43 Image i--- 0 
Divide Query Image into 100 
43 windows and build percentage 
L----
5 
color histograms 
Matching 
Step 1: Implement Distance 
formula to compare histograms 
44 Step 2: Identify Best 15 results i--- 0 
FIG. 4 
used to report keyword and class 
rankings 
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USER ACCESSIBLE TISSUE SAMPLE IMAGE 
DATABASE SYSTEM AND METHOD 
BACKGROUND 
Bioinformatics has played a critical role in fueling the 
revolution in genomics that has occurred over the past decade. 
2 
exchanging tools to further medical and scientific research. 
For example, by utilizing the systems and methods taught 
herein, a user will be able to immediately elucidate whether a 
drug candidate affects a region or certain cells of the brain and 
from that can predict its efficacy. 
It is inconceivable to think how that field would have pro-
gressed without the infrastructure to store, analyze and search 
through the massive quantity of genomic mapping and 
sequencing data produced. Unlike the one dimensional text 
data that is at the heart of genomic information, the gene 
expression maps produced by histological data are two and/or 
three dimensional datasets. The existing digital atlases have 
very limited functional and graphical capabilities. Great 
strides have been made in producing image databases that 
allow for powerful evaluation and manipulation of 2-D and 
3-D images. See, e.g., INTERACTIVE MULTIPLE GENE 
EXPRESSION MAP SYSTEM (Sugaya et al.) Serial No. 
PCT/US06/00983. Continued development of systems for 20 
evaluating image database might be of great benefit toward 
collaborative research of the brain, central nervous system, 
and other organ systems. 
As will be appreciated by one of skill in the art, embodi-
ments of the present invention may be embodied as a device 
or system comprising a processing module, and/or computer 
program product comprising at least one program code mod-
lO ule. Accordingly, the present invention may take the form of 
an entirely hardware embodiment or an embodiment combin-
ing software and hardware aspects. Furthermore, the present 
invention may include a computer program product on a 
15 computer-usable storage medium having computer-usable 
program code means embodied in the medium. Any suitable 
computer readable medium may be utilized including hard 
disks, CD-ROMs, DVDs, optical storage devices, or mag-
netic storage devices. 
The term "processing module" may include a single pro-
cessing device or a plurality of processing devices. Such a 
processing device may be a microprocessor, micro-control-
ler, digital signal processor, microcomputer, central process-
ing unit, field programmable gate array, progranimable logic 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows a diagram of a User Accessible Tissue 
Sample Image system embodiment. 
FIG. 2 shows a flow diagram of a method embodiment for 
evaluating query images for similarities to saved images. 
FIG. 3 shows a flow diagram of another method embodi-
ment for evaluating query images for similarities to saved 
images. 
FIG. 4 shows a flow diagram of one embodiment for pro-
cessing and evaluating images saved in database system. 
DETAILED DESCRIPTION 
In one embodiment, as shown in FIG. 1, the subject inven-
tion relates to a User Accessible Tissue Sample Inage system 
embodiment 100 comprising a database computer unit 107. A 
plurality of images 102 are procured, such as by the method 
discussed in FIG. 2. In a specific embodiment, the images 102 
are stored in a storage medium 101. Users 112, 114, 116 each 
having user computer units 113, 115, 117 that interface with 
database computer unit 107 via a network connection 109. 
Each computer unit comprises at least one processing module 
120, 121, 122, and 123, respectively, for processing informa-
tion. Furthermore, each computer unit is communicatingly 
connected to a display 130 (optional), 131, 132, and 133. 
Information about images 102 are stored on database com-
puter 107 which are conveyed to users 112, 114, 116 on user 
computer units 113, 115, and 117 via network connection, 
such as according to FIGS. 2-4 as described in further detail 
below. The system provides the customer the ability to search 
images in the database for their identity to a query image 
uploaded into the database system. The system promotes 
ongoing research and facilitates the exchange of information 
in varying fields of study. 
Systems and methods have been developed to identify 
faces in images, see, e.g., U.S. Pat. No. 7,027,622. However, 
to the inventors' knowledge, it has yet been contemplated to 
develop systems involving the accumulation of images based 
on target molecule and/or internal anatomical structures and 
integrate these accumulated images into a controllable and 
searchable database. The provision of such systems and 
related methods provide powerful research and informational 
25 device, state machine, logic circuitry, analog circuitry, digital 
circuitry, and/or any device that manipulates signals (analog 
and/or digital) based on operational instructions. The pro-
cessing module may have operationally coupled thereto, or 
integrated therewith, a memory device. The memory device 
30 
may be a single memory device or a plurality of memory 
devices. Such a memory device may be a read-only memory, 
random access memory, volatile memory, non-volatile 
memory, static memory, dynamic memory, flash memory, 
35 and/or any device that stores digital information. A computer, 
as used herein, is a device that comprises at least one process-
ing module, and optionally at least one memory device. 
The computer-usable or computer-readable medium may 
be or include, for example, but not limited to, an electronic, 
40 magnetic, optical, electromagnetic, infrared, or semiconduc-
tor system, apparatus, device, or propagation medium. More 
specific examples (a non-exhaustive list) of the computer-
readable medium would include the following: an electrical 
connection having one or more wires, a portable computer 
45 diskette, a random access memory (RAM), a read-only 
memory (ROM), an erasable programmable read-only 
memory (EPROM or Flash memory), an optical fiber, and a 
portable compact disc read-only memory (CD-ROM), a CD 
ROM, a DVD (digital video disk), or other electronic storage 
50 medium. Note that the computer-usable or computer-read-
able medium could even be paper or another suitable medium 
upon which the program is printed, as the program can be 
electronically captured, via, for instance, optical scanning of 
the paper or other medium, then compiled, interpreted or 
55 otherwise processed in a suitable manner if necessary, and 
then stored in a computer memory. 
Computer program code for carrying out operations of 
certain embodiments of the present invention may be written 
in an object oriented and/or conventional procedural pro-
60 gramming languages including, but not limited to, Java, 
Smalltalk, Perl, Python, Ruby, Lisp, PHP, "C", FORTRAN, 
or C++. The program code may execute entirely on the user's 
computer, partly on the user's computer, as a stand-alone 
software package, partly on the user's computer and partly on 
65 a remote computer or entirely on the remote computer. In the 
latter scenario, the remote computer may be connected to the 
user's computer through a local area network (LAN) or a 
US 7,945,078 B2 
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wide area network (WAN), or the connection may be made to 
an external computer (for example, through the Internet using 
an Internet Service Provider). 
Certain embodiments of the present invention are 
described herein with reference to flowchart illustrations and/ 
or block diagrams of methods, apparatus (systems) and com-
puter program products according to embodiments of the 
invention. It will be understood that each block of the flow-
chart illustrations and/or block diagrams, and combinations 
of blocks in the flowchart illustrations and/or block diagrams, 
can be implemented by computer-readable program code 
modules. These program code modules may be provided to a 
processing module of a general purpose computer, special 
purpose computer, embedded processor or other program-
mable data processing apparatus to produce a machine, such 
that the program code modules, which execute via the pro-
cessing module of the computer or other programmable data 
processing apparatus, create means for implementing the 
functions specified in the flowchart and/or block diagram 
block or blocks. 
These computer program code modules may also be stored 
in a computer-readable memory that can direct a computer or 
other programmable data processing apparatus to function in 
a particular manner, such that the program code modules 
stored in the computer-readable memory produce an article of 
manufacture. 
The computer program code modules may also be loaded 
onto a computer or other programmable data processing 
apparatus to cause a series of operational steps to be per-
formed on the computer or other programmable apparatus to 
produce a computer implemented process such that the 
instructions which execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions specified in the flowchart and/or block diagram block or 
blocks. 
FIG. 2 represents a block diagram ofa method embodiment 
200. Tissues samples are prepared indicating the presence of 
a target molecule and/or internal anatomical structure 205. 
Target molecules may be indicated via the use of in-situ 
hybridization. For example, molecules designed for binding 
to a specific target molecule such as polynucleotide 
sequences, proteins or antibodies are tagged with a marker 
and are brought in contact with a tissue sample. The binding 
of the marker/molecules correlates with the presence of the 
target molecule. Anatomical structures may be indicated via 
numerous imaging techniques known in the art, including, but 
not limited to, magnetic resonance imaging and x-ray related 
techniques such as PET and CAT scans. The tissue samples 
are scanned to thereby produce images of the samples 210. 
The images are saved in a user accessible database configured 
such that images can be identified via a comparison to visual 
features of a query image 215. The query image is an image 
uploaded from a user for which images having similar fea-
tures. A query image of a tissue sample is received from a 
remote user 225. The query image is compared with images 
saved in the database to identify database images sharing a 
common visual feature according to predefined criteria 230. 
The images identified as sharing a common visual feature are 
provided to the user 235. 
4 
a user accessible database configured such that images can be 
identified via a comparison to visual features of a query image 
315. The query image is an image uploaded from a user for 
which images having similar features. A query image of a 
tissue sample is received from a remote user 325. The query 
image is compared with images saved in the database to 
identify database images sharing a common visual feature 
according to predefined criteria 330. The images identified as 
sharing a common visual feature are provided to the user 335. 
10 In addition, keywords associated with the identified image are 
displayed to the user 340. 
FIG. 4 illustrates a block diagram representing a specific 
embodiment 400 of the subject invention. According to this 
method, a brain slice image and scale is uploaded 405. Step 
15 405 indicates that images are in PGM format. Those skilled in 
the art will appreciate that the input image may be an image 
file digitized in one of many possible formats including, for 
example, a BMP (bitmap) file format, a PGM (Portable Gray-
scale bitMap graphics) file format, a JPG (Joint Photographic 
20 Experts Group) file format, or any other suitable graphic file 
format. In a digitized image, each pixel is represented as a set 
of one or more bytes corresponding to a numerical represen-
tation (e.g., a floating point number) of the light intensity 
measured by a camera at the sensing site. The query image 
25 may be gray-scale, i.e., measuring light intensity over one 
range of wavelength, or color, making multiple measure-
ments of light intensity over separate ranges of wavelength. 
The background of the query image is removed 410. For 
example, the most common color of the image is determined 
30 and 30 to 40 percent around this color is eliminated. This 
eliminates most of the background. In order to increase effi-
ciency of this process, the image may be shrunk (or reduced) 
to a fraction of its original size. For example, the image is 
reduced to 5-50 percent of its original size. In a specific 
35 embodiment, the image is reduced to 5, 10, 15, 20, 25, 30, 35, 
40, 45, or 50 percent ofits original size. The background color 
is eliminated based on the reduced image. Upon elimination 
of the most common color, the reduced image is converted 
back to its original size. The converted image can then be 
40 applied over the original image as a mask, which is applied to 
the original image. The query image is rotated and flipped if 
needed 415. This is done to achieve an alignment similar to 
the database images. The query image is normalized by using 
scale intensity compared to database average 425. The light-
45 est 40% of the image is eliminated 430. The query image is 
divided into 100 windows and percentage color histograms 
are built 435. The query image is compared to images in the 
database and the best 15 images are provided to the user 440. 
Matches to database images may be made using a standard 
50 matching formulas. For example, U.S. Pat. No. 7,133,555 is 
cited for teachings of one example of matching means that 
may be employed. The '555 patent discusses the comparison 
of intensity levels for red, green and blue, but, in view of the 
teachings herein, those skilled in the art will appreciate that 
55 the techniques taught in the '555 patent may be applied to 
only one color or gray scale. U.S. Pat. No. 6,763,148 is also 
cited to for other means of matching images. 
U.S. Pat. Nos. 7,194,114; 6,895,107 and 6,611,344 are 
cited to for background information about image processing 
60 techniques. The teachings of all references cited herein are 
incorporated by reference in their entirety to the extent not 
inconsistent with the teachings herein. 
FIG. 3 illustrates a block diagram of another embodiment 
300 of the subject invention. Similar to the method in FIG. 2, 
tissues samples are prepared indicating the presence of a 
target molecule and/or anatomical structure 305. In addition, 
keywords are associated (or tagged) with a given image relat-
ing to target molecule, tissue-type, animal type, image-type, 65 
treatment, etc. The tissue samples are scanned to thereby 
produce images of the samples 310. The images are saved in 
What is claimed is: 
1. A method of querying an image database comprising a 
plurality of digital images of tissue samples indicating a pres-
ence of a target molecule and/or digital images of internal 
anatomical structures, the method comprising: 
US 7,945,078 B2 
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uploading a query image with a scale; 
removing a portion of background of said query image; 
normalizing said query image by comparing scale intensity 
to an average intensity of said plurality of digital images; 
eli~inating lightest 20 to 50 percent portion of said query 
image; 
dividing said query image into a plurality of windows· 
building percentage color histograms correspondin~ to 
said plurality of windows; and matching said query 
image to images of said plurality of digital images by 10 
comparing histograms; 
displaying match images from said plurality of digital 
images. 
2. The method of claim 1, wherein said plurality of digital 
images comprises images of tissue samples treated via in-situ 15 
hybridization directed at a target molecule. 
. 3. The met~od o.f claim 1, _wherein said plurality of digital 
images compnses images of mternal tissue obtained by mag-
netic resonance imaging. 
. 4. The met~od ~f claim 1, .wherein said plurality of digital 20 
~mag~s compnses images of mternal tissue obtained by x-ray 
1magmg. 
5. The method of claim 1, wherein said query image and 
scale are in PGM format. 
6. The method of claim 1, wherein said removing a portion 25 
ofbac~ground of said query image comprises reducing said 
query image to 5 to 50 percent of its original size to produce 
a reduced image; determining a most common color of said 
reduced image; eliminating region of said reduced image 
~omprising said most common color to produce a processed 30 
image; converting said processed image to original size to 
produce a converted image; and applying said converted 
image as a mask over said query image. 
7. The method of claim 6, wherein said reduced image is 
reduced to 5-15 percent of its original size. 35 
. 8. The me~hod of claim 1, wherein matching said query 
1~age .compnses comparing histograms of said query image 
with histograms of said plurality of digital images according 
to gray values. 
. 9. A user accessible tissue image database system compris- 40 
mg 
a computer unit comprising at least one processing module 
and at least two computer-readable program code mod-
ules; and 
a plurality of images stored in said computer unit, wherein 45 
said plurality of images are digital images of tissue 
samples indicating a target molecule; 
wherein said at least two computer-readable program code 
modules comprises 
6 
a first computer-readable program code module for caus-
ing said computer to upload a query image with a scale; 
a second computer-readable program code module for 
causing said computer to remove a portion of back-
ground of said query image; 
a third computer readable program code module for caus-
ing said computer to normalize said query image by 
comparing scale intensity to an average intensity of said 
plurality of digital images; 
a fourth computer-readable program code module for caus-
ing said computer to eliminate lightest 20 to 50 percent 
portion of said query image; 
a fifth computer-readable program code module for caus-
ing said computer to divide said query image into a 
plurality of windows; 
a sixth computer-readable program code module for caus-
ing said computer to build percentage color histograms 
corresponding to said plurality of windows; and 
a seventh computer-readable program code module for 
~ausing said. computer to match said query image to 
11?ages of said plurality of digital images by comparing 
histograms. 
10. The system of claim 9, wherein said at least two pro-
gram code modules further comprise an eighth computer-
r~adabl~ program code module for causing said computer to 
display images matched with said query image. 
. 11. The system of claim 10, wherein said plurality of 
images are tagged with keywords and wherein said keywords 
are displayed with images matched with said query image. 
12. The system of claim 9, wherein said plurality of digital 
images comprises images of tissue samples treated via in-situ 
hybridization directed at a target molecule. 
13. The system of claim 9, wherein said plurality of digital 
im~ges compris~s im~ges of internal tissue obtained by mag-
netic resonance 1magmg. 
14. The system of claim 9, wherein said plurality of digital 
!mag~s comprises images of internal tissue obtained by x-ray 
1magmg. 
15. The system of claim 9, wherein said query image and 
scale are in PGM format. 
16. The system of claim 9, wherein said computer unit is 
connected to a computer network. 
17. The system of claim 9, wherein said computer network 
is the internet. 
18. The system of claim 9, wherein eighth computer-read-
a?le program co~e module causes said computer to compare 
h1s.togram~ ~f s~1d query image with histograms of said plu-
rality of d1g1tal images according to gray values. 
* * * * * 
